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l@l Novel plasmidic expression vehicles and nnethods erf 
Gsing them in the production of "S^^"' P^'Vp/P*^*? 
^combinant bacteria are described. The ? e"^P'°V^ 
tryptophan promoter-operator system from wi^«h the 
aitenualor region ordinarily present has been deleled^Bac- 
tena containing-the plasmids can accordingly be repressed 
by the addition of tryptophan against expression of des>red 
polypeptides coded for by inserted genes wh>le they are 
Kwn to levels suitable for industrial-scale produet.or. 
« Mm^ tryptophan may then be withdrawn. esserUialiy 
S deSr^l^ the pathway and permitting efficient produc 
^ tion of the desired product in high yield. 
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BAgCGROUNDjfJ^ 

bacterUl production of an enomous .=r, • ' ^^^^ 

teco« possible. Already in Mnd " ,„,„cts such as 

sonatostatin (K. Itakura, et H., Sc — p„c 

,Ufl Ac.d sc. USA 76, 0 L 3" ^ ,,con,binant 

Goeddel, et al.. Nature 281. 5" C1979])- «o 

.c.ni,ues nave .eep rcl produced tne 

thy«osin alpha 1. an ,«ne '"^J^^^^^.^y that virtually 

th^Bus. such is the power of p,«in, 

usetul polypeptUe can be ^'''^^f^^'J^^^^^,, , 
«ithin reach the controlled "^/J, ,„iety 

enzymes, antibodies, and — ".7/"^^^^, ,,,„ibe 
oJ diseases. The cited .aterials, which 
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«,«inc rpf erred to above, are 
<n ,r«tar .etan t.e ™.sentat„e ; to 

iKorporated herefn by reference, as are other p 
ijj^' to ill>™inate the background of the ...e.t.on. 

. The -or. horse of recombinant m technolo,, is the pU»id. a 
, .„on-chro™oso»a, ioop of -.e-stran.d « r.n , 

oftent1.es in multiple cop,es " ' „ ^.odoce the 

1„^™at,on encoded ^ the.pias„, 0 a J . ^ 

plasmid in daughter cells (i.e.. a J''"' ,„tibiot1i:s, which 

™„ selection characteristics, such as - " « ° ,„,^,,3, „ 

10 pemit Clones of the host cell ^he otility of 

recognized «,d preferentially grow" ' « ""//^^ 
bacterial plas^ids lies in the fact '^'^ ^.'^ ; /'..^trictioa 
Craved b, one or another -triction en o" o ^^^^^^^ 

enzy^-. each of which recognue " f,^ i„„rted 
15 ONA. Thereafter heterologous ge or e = 

,„t. the plasmid by endwise joining at the cle g 
reconstructed ends adjacent the ^l-age • ^ 
■heterologous" refers to a gene not "^"'''"''J the 
polypeptide sequence ordinarily not produced ^. l-^—^ ^^^^^^^^ 
20 tenn "hcologous- refers to a gene or P'')^^'' ,,,«Ha, 

.i,d-type E. coli- » -'-'"^".rrieTn r u ed into bacteria 
but the resulting -reconbinant" plas.,id c n be ntro 

, process as ^i;^ o led by growing the 

heterologous gene-containing ^^'^'^'""'^ '''^l ,„,erted with 
25 transforaant. Moreover, where '"e gene P t,,„scription and 

reference to portions of the plas»,d ^ ^,„,,3,,„„ chicle 

translation of the encoded ONA n«ssa,e ^'IJ ^or which the 
„n be used to actually produce the P^V^J ^ 
inserted gene codes, a process referred to as expres 

3„ ,,„ssion is initiated in a region .own ^^^^j;^^^ Trp 

recognized by and bound by « P"'^--, J , ™ p ' 
.peron discussed in^^. promoter regions are 

«=-ns to for. a ""---:r;::r;: p-eins. Which 

sequences which are recognued ^' " " ' ,t a 

35 serve to regulate the fregoency of transcriptio 
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L infar»,tion co„t.V.ed in tKe .o.in, «™ »^ t ^^^^ 

the ^ino ,cid ' ; ; „1„. .HMn what ... 'or 

■ encoded by a unique nucleotide triplet or t 
,.esent purpose. i>e referred to as , .„er 

micl. encodes tne an,1no acid sequence of ^'\"'['" J 
Mndin, to tne promoter. tKe « -^^te tfen tr^::mion 

,0 ,n,t,.tion or start S 9 ^ codons within the 

messenger ^-"""^"^ ; ,„„«rih.d at the 

structural gene ,tse f . f ' fo™ an 

end of the structural gene wt.ere.fter the P J" 

.,,U„„al sequence of -"^^^ZZ lX—^ 
15 the stop Signal, will r™a,n ""^"'^^^^^^ ,„ ,>cteri. 

"r r:::r»ru"": oi^ .rtjseives p^duce tne 

ordinarily as the mRNA is oemg 

encoded polypeptide, beginning at the P«duct is 

ending at the previously mentioned stop signal. J''^^" = [ 

^ ^o^nHino the ribosome binding sue are 
20 produced if the sequences ^ ^ end if .11 

positioned properly with respect to the « n, 

^ ^^nnw thP initiator codon in pnase. »nc 
remaining codons follow recovering the 

product -ay he obtained by lys.ng th ^« " 
product by appropriate purification fro™ other bacterial p 

Polypeptides expressed through the use of reco.hinant ^^^^^ • 

technology .ay be entirely "^Z;, ^ ^ely .=y co»pr,se a 

expression of hu«an growth hormone, or ^ 
heterologous polypeptide and. fused the^t . a P 
„,no acid sequence of a H^;"'""- ^ / ^ .„„p„„ents of h»,n 
30 production of intermediates f";™ " ' 

"";:-:::";n h - add sequence for beta 
polypeptide c^iprised a port on o ^^^^^^^ 

galactosidase. In those cases, the ,^ 
^inactivated by the fused. ^"-'"'-^^ f ^ on t i s li.e 
35 Cleaved away in an extracellular environmen . 

those just mentioned can be designed so as to permit highly 
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■ f^^m thP intended product, as by the 
cleavage of tu. p^cusor protein f om the ' 
action of cyanogen bro.,de on methionine or tern e y 
Ceavase. See. eg.. 5.8- latent Puolication No. Z 007 

fullv sustain its promise, 
If recombinant DNA technology is to fully sus 

. Ko rfovicPd which optimize expression of gene inserts, 
systems must be devised whicn op. available in high 

that the intended.polypeptide products ^^^^^ ^y^,,,, . 

,.ld. The beta lactamase ^^-ZT::';^ .tilled the " 
commonly used In the past, while ""^"J'; ^.^j has ■ 

capacity of the technology from the ^ - - / 
n .p^isted for a bacterial expression vehicle capable 

::;ress1on of -aesire. po,ypept,.e products ,n higher ,ie,a. 

■ Tryptophan U an amino aci. proa.ed by 
c^onent part of -'-"^ -;r:ra^;, A rpL.hor^hosy, 
^ich proceeds: ^^JJ „ ^ :rbo.yphenyla.ino)-l-eeso.y-^ 
15 anthranUic acid - COUP eno ^ „uia,atel, to . 

^^-'°"-=-::r;r ,T n y^ , r actions Of thi. pathway ar. 
tryptophan itself. "^J"'^ .^.p" operon. a 

catalyzed by the products "^'''.'^ ' direction of 

polycistronic ONA segment which is ; ^,,enger 

:ri ^^^^^^ 

pathway chorismic acid tryptophan. 

r rnli the tryptophan operon is under at least three 
25 in wild-type E. c^. t t yP P 

^'"r: "^ts as"a clr ;re or a„r:inds to its aporepressor to fo™ 
tryptophan acts as a corep binds to the operator, 

act..e repressor co.pl« - 3 L,„ „ , process of 

closing down the pathway m its entirety 
30 feedback inhibition. pathway 

„ polypeptides. p™^'^'''"Vir:f?rt " - « 

synthesis. Finally. f " l,/,, of the gene, a 

.uenoation under the control of the 

region' within the trp leader sequence. See generally 
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„ an OaHi-ioloaiUl. (1978); ISlioe™, Co,. SP""9 

^Trtor Laboratory (1978). «n,er and Reznikoff. e...; ■ Ue 

1. ».ad. SC1. USA 74. U65 (1977) and K. Bertrand et ai J 

Hol. Biol. 103. 319 (1975). Th. extent of attenuation appear, to 
. ooverned byliie intracellular concentration of tryptophan, ar™ in 
id-type . coli the attenuator. ter.inates expression ,n 
nine o^t o7 t^^asas. possibly through the fo^ation of a eca d V 
slucture. or nemination loop-, in the .essen,er « «^-; 
R»A poljmerase to prematurely disengage from the associated m. 

A ma trn Qoeron to obtain some measure 
other workers have employed the trp op on^t^ ^ ^^^^ 

of heterologous polypeptide expression. T is ' ■ 
attempted to deal with proble«s of repression and attenuation by the 
add t on of -indole acrylic acid, an inducer and analog which competes 

r^ t phan for trp repressor molecules, tending toward derepression 
; „ comprtitive inhibition. At the same time the '"^J- ^ 
attenuation by inhibiting the enzymatic conversion o nd e to 
tryptophan and thus effectively depriving the cell of trypt ph n. 
r^fu ttre polymerases successfully read through the attentuator 
:ler. this approach appears problematic fro. t^-""^-"' 
;0 co^leting translation consistently and in high ''^"'^^ 
tryptophan-containin, protein sequences are prema ure y ' ™ 
syTthesis due to lack of utiliz.ble tryptophan. Indeed. 
syntnesj:* uuc ««v^ralv deoendent on severe 

relief of attenuation by this approach is entirely depenoe 

tryptophan starvation. 

25 The present invention addresses problems associated with tryptophan 
repression and attenuation in a different manner and provides (1) 
Jthod for Obtaining an expression vehicle ^"'^ned for ire . 
expression of heterologous genes from the trp pro^oter-o erato (2) 
Methods for Obtaining vehicles designed for expression, fr™ th 

30 r ophan operator-prater, of specifically cleavable po ypep des 
CO d b, ho.ologous-heterologous gene fusions and (3 a me o 
expressing heterologous polypeptides controilably, efficiently and 
high yield, as well as the associated means. 
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. „f^«n novel plasmidic expression 
According to the present >r,vent oa. no.e P 

■veMcU. are provide, for the production ,n ,„,,„.,tr.nded 
. polypeptide prodocts. tKe veMCes av n,^. seo»en«^^ 
5 DHA cowristns. 1" f'Se from a frs ^lie trp 

codlP, strand, a trp p™»-ter-opera to n - ^^^^^^^^^^^ 

Uader r,boso.e .*nd1n, ^'"- '"/J ^ ene t.at encodes t^e .a.1no 
initiation for expression of a struc j ^^^^^^^^ 

. ,.ia se,uence of t.. ^-^^^l^^^^ZT'^. „„c,eot1des codin, for 
10 to.contalns neither a trp """-"^tead the trp leader rlhosome, 

the trp t ribosome binding site I • information 
binding site is efficiently used to effect exp 
encoded by an Inserted gene. . 

^^i.4„„ the trp promoter-operator- 
cells are transfor«d by „,,„t,„„ ,„, grow» up 

15 containing and attenuator-lacking P ''"'^ ^ t,„tophan-r1ch 
1„ the presence of additive tryptophan J^^^^^^^ 

„ed,a provides sufficient ^'^''"f " " eractions. so that 

t.e trp p^^ter^perator throug tr r p r s^s^^ 

eel, growth can proceed [ „ i„«rt otherwise 

,„ ,uantities -7;^:; rter-o erator system. «hen the 
under the control of the trp p appropriate for 

recombinant culture Has been grown to e e P 

industrial production of the polypept d . n ^^.^ 
external source of tryptophan ,s ; „ 

25 on the tryptophan that it can " J,., ,3 ..repressed and 
tryptophan limitation and. ^^t occurs. 

,1,hly efficient " ^ '. ' Itor region has been deleted 

unhampered by attenuation ' severely deprived 

""td 'aV:::t:rs:Vh thi: they contam tryptophan or not. 
30 of tryptophan and all proteins, 

can be produced in substantial yields. 

»c nf rieavinq double-stranded 
,ne invention further P-' -J " //^^ „ „.y»e site, a 
OKA at any desired point, even absent a restr 
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technique useful in, e-nong other things, the creation of trp operons 
having attenuator deletions other than those previously obtained by 
selection of mutants. 

Finally, the invention provides a variety of useful intermediates 
5 and endproducts, including specifically cleavable heterologous- 

homologous fusion proteins that are stabilized against degradation under, 
expression conditions. . • 

The manner in which these and other objects and advantages of the 
invention are obtained will become more apparent from the detailed 
10 description which follows and from the accompanying drawings in which: 

Figures 1 and 2 Illustrate a preferred scheme for forming plasmids 
capable of expressing heterologous genes as fusions with a 
portion of the trp D polypeptide, from which fusion they may 
be later cleaved; 

15 Figure 3 is the result of polyacryl amide gel segregation of cell 

protein containing homologous (trp 0') - heterologous 
(somatostatin or thymosin a 1) fusion proteins; 
Figures 4, 5 and 5 illustrate successive stages in a preferred 
scheme for the creation of a plasmid capable of directly 

20 expressing a heterologous gene (human growth hormone) under 

the control of the trp promoter-operator system; 
Figure 7 is the result of polyacrylamide gel segregation of cell 
protein containing human growth hormone directly expressed 
under the control of the trp promoter-operator system; 

25 Figures 8,9 (a-b) and 10 illustrate in successive stages a 

preferred scheme for the creation of plasmids capable of 
expressing heterologous genes (in the illustrated case, for 
somatostatin) as fusions with a portion of the trp £ 
polypeptide, from which fusions they may be later cleaved; 

30 Figure 11 is the result of polyacrylamide gel segregation of cell 

protean containing homologous (trp E) - heterologous fusion 
proteins for the production of, respectively, somatostatin, 
thymosin alpha 1, human proinsulin, and the A and B chains of 
human insulin. 
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.^^ccivP stages the manner in 
Figures U and 13 niustrate ^n successive stag s 
^ V ^ Kw thP scheme of ngures 3 - 

i„cluswe >s mmpuUt.d to fern . sy t™ 
heterolosous genes .ay be Interchangeably -xpressea 
with trp E polypeptide sequences. 

,„ ..e .ig.es. only the coding strand of 2:^^^;:;:;^^ ,„ 
„as.id and linear DNAs are depicted in J 
;,„stration. Antibiotic rt S ^nle a gene 

(a^picillin) and '"^^fj " " J" „ „„trol of a 

for tetracycline resistance t at t - 

pr»oter-operator , „,end -ap^- connotes 

■nevertheless be tetracycline sensitive i a 

^icillin sensitivity resulting ^ 1:;;,„, are 

encoding awicilUn sensitivity. respectively connote the 

IS denoted -P- and -o-. 'e»ers . 

nucleotides containing the bases ' 

cytosine. Other Figure legends appear from the text. 

(indicated by arrow) cleavage patterns. • 
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Xbal: T^CTAGA 
AGAT{^ 

gIattc 



25 



30 



EcoRI : 



Bglll: 



PvuII 



8amHl: 



TaqI; 



Hindlll; 



CTTAAG 

AGATCT 
TCTAGA 

I 

GAGCTG 

6TCGAC 
t 

i , 

GGATCC 

CCTAGG 
T 



Hpal: 



Pstl: 



) • 
TC6A 

AGCf 

MGcn 

nCGAA 

t 

GTTAAC 
CAATTG 

CTGCAG 

6AC6TC 
t 



-9- 



0036776 



Where the points of cleavage are spaced apart on the respective strands 
the cleaved ends will be "sticky", ie, capable of reannealing or of 
annealing to other cotnplementarily ••sticky" -ended DNA by Watson-Cnck 
base pairing (A to T and G to C)' in mortise and tenon fashion. Some 
5 restriction enzymes, such as Hpal and PvuII above, cleave to leave 
"blunt" ends. The nucleotide sequences above are represented in 
accordance with the convention used-throughout: upper strand is the 
protein encoding strand, and in proceeding from left to right on tha 
strand one moves from the 5' to the 3" end thereof, ie, in the direction 
\0 of transcription from a "proximal" toward a "distal" point. 

Finally with regard to conventions, the symbol "." connotes a 
deletion. Thus, for example, reference to a plasmid followed by. say. 
-AEcoRI-Xbal" describes the plasmid from which the nucleotide sequence 
between EcoRI and Xbal restriction enzyme sites has been removed by 
15 digestion with those enzymes. For convenience, certain deletions are 
denoted by number. Thus, beginning from the first base pair ("bp' ) of . 
the ECORI recognition site which precedes the gene for tetracycline 
resistance in the parental plasmid pBR322,- "a" connotes deletion of 
bpl-30 (ie. a£coRI-Hind III) and consequent disenabling of the 
20 tetracycline promoter-operator system; -^2" connotes deletion of bp 1-375 
(ie. .EcoRI-BamHI) and consequent removal of both the tetracycline 
promoter-operator and the structural gene which encodes tetracycline 
resistance; and «a3" connotes deletion of bp 3611-4359 (ie, .Pstl-ccoRI) 
and elimination of ampicillin resistance, "^r is used to connote 
25 removal of bp -900 -"1500 from the trp operon fragment 5 (Fig. 1). 
eliminating the structural gene for the trp D polypeptide. 



nFTAILED DESCRIPTION 

The trp leader sequence is made up of base pairs ("bp") 1-162. 
starting from the start point for trp mRNA. A fourteen amino acid 
30 putative trp leader polypeptide is encoded by bp 27-71 following the ATG 
nucleotides which encode the translation start signal. The trp 
attenuator region comprises successive GC-rich and AT-rich sequences 
lying between bp 114 and 156 and attenuation is apparently effected on 
a«NA nucleotides encoded by bp -134-141 of the leader sequence. To 
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express a ..tarologo.s po>,p.ptHe .n..r t.e direction of t., trp l«.er 
nbpso.e P.ndins site and at t^e sa.. t,.e avert attenuation, the 
following criteria must be observed: 

1 Base pairs 134-Ul or beyond wst be deleted; 
5 i. Tl,e ATG codon of the inserted gene nmst be positioned ,n ■ 

. correct relation to a ribosone binding site, as >s lcno«, (see. 
eg., Steitz -Genetic signals and nucleotide sequences ,n 

mesKnger mf in nii' r- "T^' 
Goldberger) Plenum Press, (1978). 
,0 3. Hhere a honiologous-heterologous fusion protein is to be 
produced, the translation start signal of a homologous 
olypept;de sequence should remain available, and the codons 
for the hoa»logous portion of the fusion protein have to be 
■ inserted in phase without intervening translation stop signals. 
15 ■ For ex^^le. deleting all base pairs within the 

distil from.bp. 70 renK>ves the attenuator region, eaves ATS 
,,,„ence Which encodes the - 
intervening translation stop encoded by TCA (bp. W 71 . y 
A and following nucleotides. Such a deletion would result 
,0 f fusion protein beginning with the leader P='^;''^ 

that encoded by any heterologous insert, and ' f 

of one of the post-leader trp operon polypeptides determined by the 
t i the deletion in the V direction. Thus a deletion extending 
the-E gene would lead to expression of a homologous precu or 
25 comprising the L sequence and the distal region of E (beyo the 
d7et'ion Idpoint) fused to the sequence encoded by any following 

'"^":oTar:io:rarly useful plasmids from which the attenuator region 
nas been deleted are the plasmids pGMl and pG.-i3. G.F. «iozzar, et al. 

30 .1 R.cteriolo.v 133 , 1457 (1978). These respectively "^^ = 
deletions trp ItE M13 and trp aLE 1417 and ^ ^ 

of the trp promoter-operator) a polypeptide comprising approx m el, 
. . nf the trip leader and distal regions of the E 

first six ammo acids of the trip leaoe , th. last 

polypeptide, in the most preferred case. pGHl. only about the 1 st 

35 bird of the E polypeptide is expressed whereas pGHJ expresses I^ 
tne distal one half of the E polypeptide codons. E. coli K-12 strain 
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. . • « «rMi has been deposited with the 
...rfr.n Tvoe Culture Collection (ATCC no. 316Zi). P" ' 
TZXy re.o.e. .™ tKe st.ln . t.e procedures 



described below. 



,„.e„t,on for spe., c ^^^^^^^ 
sue. one ex^ple o th,s cleave, „ u converted 

the experimental section, jofni- Thus, 
to s<n,le-stranded PHA 1n the region -™ ; 
0 point. « b, reaction with U«hda " * „,,,.,t„^ed 

:i„„e.str,nded m pri.er is then " - ^ ' 

being such as to ensure that the 5 e ^^^^ ^^^^^^^^ 

the nucleotide on the first strand just p nor t t 
,5 point. The pri.er is next -tended in t e d « 

OKA pol^erase, recreating that por of^the Jl, ^^^^^ ^^^^ 
OKA prior to the intended cleavage z ^ ^. r- 

r^t strand beyond the 

Si.uUanecusl, or " o u-rize. .here V .ar.s 

intended cleavage point is digested away. 
20 the intended cleavage point: 

intended cleavage point "v" 



a) 



b) 



25 c) 



d) 



e) 

30 



made single stranded 
around "v" 

primer hybridization 



extension from primer 



single strand digestion 



-12- 



0036776 



:„ t.. .St prefer.. e..o.<.e„t. steps (.) ^ ^ ^ ^ 1 
.,„„,Uneo.s,y. .s.n, a POl^erase that s^Uaneo^^^^^^^^^^ ^^^^^^ ^ 
protruding single stranded end m e 3^ ^. ^ 3. 

priPKr (in the presence of dATP, dGTP. ^^^^^^ p„ij^ase 

5 direction. The material preferred /.^eavage .f m Pol^erase 

■ ,e, that fraa^ent obtained hy f ^ ^n, 3' > 5^ 

, wHich contains the 5' > 3' P«^>-"7 ,t. S' . 3' 

- exon-icleolytic activity of the '"^J^^,,^ gj. Freen^n 

exonucleolytic activity. A. Kornberg, OffiJaSISm. • ■ 

10 and Co., SFO (1974). 

apparent to the art-skilled.. 

Mthougn the invention -^""^/jT^'^/rrplter- 
weteroiogous polypeptide under the '^^^ ^J,;, pr„,,,„, 

,0 operator, the preferred case ^-^^^Z^, ,.„er 
containing both "'^/^ ^ ro™ the for^r in 

preferably be,ng ,,,,,rred are fusions in which 

extra-cellular environs. Particu.a v 

- ho^ologous portion --'--^^ro/the trp E »ino acid 
" '""^ "irsfa; en:r u ;on r:teins so obtained appear re.ar.ably 

::::r.er:rai:tradation u^^^^ • 
— ^- -^:f a:;:;; r.^ t^^^rpii:" ;-r-^ 

NO. 31622. may be used to amplify promoter-operator 
---^ 1n construct.. - ---7;^:^^^^^^^^^^ In the 

30 systems of the invention. ^ ^ ..^U such as LB 

presence of anthranilate and can be grown 
supplemented with 50 ug/ml anthranilate. 
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Ml bacterial strains used in trp prcoter-operator directed 

heterologous expression is intended. 

in the preferred embodiment, performed in 
5 DMA recombination is, m the preier . 

19 ctr.in-294 (end A, thi". hsr . hsm^). ATCC No. 
E. coli, K-12 strain ti^^ lena ,u,^,.teristics facilitate 

3„«, . bacteria, .tra.n whose "f"" /; ^ s-'^' ^" 

ctrain 294 are conventionally extracteo ana 

i' 1 .vnthesizinq all necessary macromolecules from 

^ nii.rncp After transformation or kv ^uo uui 
294-derlved pUsmid the culture s P ^ ^ 
. ..rker (such as antibiotic resistance) " " ^ ^ 

tr.„s,or»ant colony pic.ed and ^rown - «^ „,„„\,„„ 
20 latter in 10% D«SO or glycerol solution (,n ster le 

s.eU frozen in an «na„ol-dry ice Pa ,„ 

.He encoded Peterolo.oos polypeptide the^ It r ^^'^ J 

Media containing tryptophan so as to repress the trP p 

and .the syst™ then, deprived of additive tryptophan to occasion 



25 expression. 



30 



p . thP first Stage of growth one may employ, for example, LB • 
For the first sxage ui a r„„«nr<: 433 Cold Spring 

.-.MH Miller C vpor^n-.Pnts in t^ ^i^r„1.r Genetics, 43J. v 
medium (O.H. Miner, t_i _ TITmZTaaueous solution, lOg 

Bacto tryptone, y .,„^uv Co d.") of 10 or more (at 550 

inoculant is grown to optical density ( o.d ) 3^ 
„M), more preferably to o.d. 20 or more, and most preferab 
or more, albeit to less than stationary phase. 
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For derepression and expression the inoculant is next grown under 
conditions which deprive the cell of additive tryptophan. One 
appropriate media for such growth is M9 (O.H. Miller, supra at 431) 
prepared as follows (per liter): - • 



KH2P0^ 
Na2HP04 
NaCl 
NH^Cl . 



3g 

6g 

0.5g 



Autoclave, then- add: 



10 



15 



20 



10 ml O.OIM 
1 ml IM 
10 ml 20 Z 
Vitamin 81 



CaClg 
MgSO^ 
glucose 
1wg/ml 



Humkq hycase amino 

or DIFCO cas. amino acids 40 ug/ml- . 

Th. »ino acid supplement is , tryptophan-UcHing ac« Mrolysate of 
casein. 

To co«ence expression of the heterologous polypeptide the 
inoculant grown in tryptophan-rich »ed1a -ay, eg. be diluted into^a _ 
„.,er volu.e of »ed,u™ containing no additive tryptop an or exa.p e 
MO fold dilution, grown up to any desired level (preferably short of 
stationary growth phase) and the intended product convent.onally 
obtained by lysis, centrifugation and purification. In the 

tophan-de rived growth stage, the cells are preferably grown o 
in excess of 10. ™re preferably in excess of od 20 and ™st preferably 
to or beyond od 30 (all at 550 nM) before product recovery. 

All DNA recombination experiments described in the Experimental 
section which follows were conducted at Genentech Inc. in accordance 
.ith the national Institutes of Health Guidelines for Recomb.nant DNA 
30 i-esearch. 
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I. Expression of D-polypeptide fusion protein 

A preferred «tKod of expressing fusion proteins co^risln, desired 
p,„pep Ides ,nd. fused thereto, e portion of the «n1no ac- se,oence of 
tne r 0 polypeptide thet Is separable In vUro oy v,rt.e a 
rethlonlne ™lno acid speclflc.l, sensitive to C«Br Ce.v.se. >s 
described with reference to Figures 1-3. 

• A. Construction of pBRHtrp 

conteimn, t.e deletion .U£1413 (S.F. " Hsin, 

the first 6 »1no adds of the trp ,„ conjunction 

third of the trp E polypeptide (hereinafter "f=^«^ " ' ■ 
« LE'l as well as the trp 0 polypeptide in its entirety, >>' 

"^--^ - rr^rcCrerci-rat 
^'-"^ "'""^ ""rrtrrere" tt::!: ::th s n..r. 

five sites. The 9?ne fragnients 2 were next 5. 

(consistin, of a self c^nP^-n"^^ ^f/; ^ , "c o U into 

p„TSMTTC«., flL T 0 Of fra^ents Z 

a plasmid containing an EcoRI site (20). 
ao obtained fro. pa,l were treated with 10 un Us " 

presence of 20O pico noles of '^^^^''^/f;;' ^' ' uffer 

ollnonucleotlde pCATGMTTCATG (3) and in 20,1 T, DNft nga 

r tris. PH 0.5 ^ AT.. 10 ^ «gc, ^ ^^r; / ,,t 

•C overnight. The solution was then heated 10 .mutes a ^ C 
25 ligation. The linkers were cleaved by EcoRl digestion and the 
Z5 iigatio separated using 5 percent 

fragments, now wUh EcoRI ends were ^^^^^ 
p„,yacryla»ide ge, electrophoresis (here * ^^^^^^^^ 

Urgest fragments Isolated fro. J ,.om 

bromide, locating the , ' ragment. .1th.300 

30 the gel the portions of meet .ach 

microliters O.lxTBE, was placed in a dialysis oag . 

•1 .jae rniiected from the oiaiysii 
liter H2O). The aqueous solution was coiiecceo 
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f«rm pxtracted and made 0.2 M sodium 

Chloride, .nd the ONA recovered " ' ,,,,i„,ner described. 

• -v v^«n TAll DMA fragment isolations nereini.cc 
precipitation. [All um g -lectroelution method just 

• perfomed using PAGE followed by ^^^^^ 

...Hi The trp promoter-operator-containing gen 
5 discussed]. The trp P ^ ^^^^ described, which 

sticky ends 5 was identified in the p o ^^.^^ 
.ntails the insertion of fragments into a tetracycii 

I which. upon pro^ter-operator insertion, becomes^ 

tetracjcllne resistant. 

. M„„ of the plasmid pBRHtrp expressing tetracycline 
10 B. Creation of the P^" " promoter-operator aad 

resistance under the ' [ pr»oter-operator . 

identification and an,plificat,on of the p p 
containing 0«A fragn«nt 5 isolated in (A.) abo.e. 

" — ^- ^^"T rair:::rstr tiie no 

• contains the gene " ^ ,,,, ,„i,unce. The pUs.id 

associated promoter. f , ,„,„,„cing a 

— ^^^^^^^^^^^^^^ - - 

20 tetracycline resistant. 

. -^u crnRT and the enzyme removed by phenol 
■ . ro;:rr;crror:\:traction and recover, in water 

extraction followed oy „,„uing DM nolecple 7 was, in 

,f«r : „ith each of the three t>«. 

separate ujated with T, OKA Itgase 

25 fragments obtained ,n art A- b^. 9^ J^^ ^^^^^^ 

previously ,.12 25,. K. Backaan et 

„3ed to transfer, co^e e t E co^ ^^^^^ 3^„„ 

il- f;„,^ field et .1.. Proc Kafl Acad Sci USA 

. ^^r^:::::....:;^^^ . . plates containing 

^■"'^rsrVore! rre:::;, iso^ted 

tetracr.line-r istant c 

:t:\:a>;:rs ThrreroUin,plas.id a. designated ps.^^^ 
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15 



contains a m fragment including t p P 

encoding a first protein co^r,s,n, ' ' » E ' 

acids Of the trp leader and 'J , , 

5 polypeptide (this polypeptide is O-^" f , ;;;; „ 
■ protein corresponding to approx^ate , t e f .r t 
p„,„eptide (this polypeptide is desisnated D ). and a 
codVd for hy the tetracycline resistance gene. 

f„r various end-product polypeptides and expression 

:::::: rsronrrs c^.-. --r '"^ 

cleavable trp 0 polypeptide precursor (r.gure 2). . _ 

. • frn nromoter-operator and codons 

intfplasJds -ainin, struct..!^.^^^^^^^^^^^^ -ous 
desired polypeptides, next- exe.pl ,f.=d for the case 
(Figure 2). ^ 

oBRH trp was digested with EcoRI restriction en.yme and the 
pBRH trp was ^ electroelution. 
resulting fragment 5 Science 198, 1056 

-rdrd::rt:nr::?ror 

-r::::;Trs1r:rs;Tescrit:d. .a„sfo™ant Pacten. .re 

- -^'r"':r ::rre"s:re:.dr - 

'^"""olftS" ;/p o«ter-operator-containin, fra,^nt i 
: iHtro wMch had heen radioactively labelled with 
cX- ; sho. posit,. Py colony hy.ridi.at,on »ere 

30 - "^'=r:r:ri::o:::r:e:,:y:n, 

'"^^"'^'"T™es"s:ln : a;: : douhle digestion. 1. SSli 
restriction enzymes BglH 

containin, the pUs.id designated ';°»"^; " U 
pro»ter-operator fra9«ent in the desired orientation 
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. -inr. ThP cells were grown to 
„ediu, containing 10 7, "^^nfugUlon and 

optica, density 1 (at 550 n«). CO lecU c=n 9 

2-3 hours, again to optical dens t, 1. t y ^^^^^ 
protein analysed .y SOS (sodi» ^ '^^'^^^^ ' 
polyacrylamide gel electrophoresis (O.V. Maizel Jr. e. _ 

Viral 5, 180-246 CWU). ^ 

„g„re 3 illustrates a protein '^^'^^^^ ^ 
protein fr* various cultures is «P-'"- ' ; . 

,0 Lividual hands ^-^^^^^X:::: : TJs ^ . a^e 
proteins are prese t. « t r fe ^^^^^^^^ 

controls and coinpr>se a variety P ^anes 2 and 3 

Size Which serve as points of '"^^ " ' 7„ t„„,,pr.sd 
3e,re,ate cellular protein fron co o e oU- £2- 
15 with plas^id pSo«7 a2 and '""^'^"'^^ f ;„t,,„ obtained 

Oane 3, .edia. Lanes . and 5 ; ' , , thy«si„ 

fron, similar cells transformed with '^^j'^ J „ 

expression plas.id obtained hy l?^- « ; i ,see the 

those already described, beginning « t e P ^^^^^^ 

,0 c-on,y assigned OS ----';';ry: . ^ ' 
Xetzel. filed February 28. 1980 for. J» 

..Closure of which is incorporated e i b refe 
segregates cellular protein fr^ f^„,^,„ the sa.e. 
^dia. Whereas lane 5 segregates cell 
25 transformant grown in M9 media. Lane 6, ' 
protein pattern of E. coU 2«/pBR322 grown in LB. 

f,.u shows the uppermost of the two most 

Con^arison to ^ p„teins of size 

prominent bands in each o e ^^^^ 

anticipated in the case ^,^„,,„ 

30 the 0. /Le. polypeptide resuUln, from 

other prominent band rep re e ^^^^ ,^ 

deletion of the attenuato ). F u« 3 ^^^^^^^^^^ 
pressed in tryptophan-nch media, but derep 



deficient conditions. 
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0. cnogen br»ide cU...9= an- r,.ioi™uno««, for homone product 

For toth the thymosin and s«to.tatin total celluUr 

r after drying. w« resuspended in buffer and analyze b, r ,0- 

S ■ Ifa'ay. conLln, tno expression of ' 

Identical, respectively, to --'""''"/"^'"r" '"ZL'^ 
br^lde cleavage was as described In O.V. Goeddel et al- Proc Hat 

.Acad Scl USA 76, 106-110 [19793). 

X ^4v*art- pjtnression of heterologous 
U Construction of plasmids for direct expression 

10 genes under control of the trp promoter-operator system ■ 

The strategy for direct expression ^f *"";; 

■ pusmid containing . unique restriction site distal from all control 
e Z s of the trp operon into which heterologous genes cou be 
I red in lieu of the trp leader sequence and in proper, spaced 
. ^ion to the trp leader Pol.eptide.s riboso.e binding 
. direct expression approach is next exemplified for the 
growth hormone expression. 

1 -A „^™7 »2 lOufl was cleaved with EcoRI and the ONA 
.,.nt 6 containing the tryptophan genetic ^^2 ^^:::^ 
30 PAO. and electroelution his fragm g. sj g^ ^^.^ ^^^^ 

restriction cndonuclease Taq 1. i units, , . t.™ I .u.s 

that on the average, only one of. the approximately five Ta, I sites 

Ic molecule is cleaved. This partially -^9ested mixture 0 
fragments was separated by PAGE and an ^PP"-- ; f , 

fralent U (Fig. 4) that contained one EcoRl end an 0 = end 
was isolaud by electroelution. The corresponding T I ^ 
located between the transcription start and translat s r t 
and is 5 nucleotides upstream frcn the ATG codon of trP e der 

. ^ trn Ipader ribosome binding 

transcription initiation signal and trp leader 



site. 
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r -A a thp 3* end of the resulting fragment 
The Taq I residue at the 3 end^ 

urnn a sfilectable marker such as 
containing; in oraer. . reP 4?-. ^^^^ 

example, an Xbal site. ° 95.119 ri977]) by, e-g-. 

,0 Sites of PSR322 (F. Soll.ar et Ge^ 2. ■ 

Ceavin, at the pUsmid'. nn„ue H,nd III s te ^^.^^^ 

ends and blunt end liaatlon > «" '""""^ 

: rt;et1c n-nceotide containing - ----J' ™, ... 

15 caCTAGASG. Alternatively ''>^" \'^X ^c.J'' ' -"^'^ 
enjoyed, as -as done in tbe P'-"^"' e,^, 
site between EcoRI and BanHI cleavage residues. Thu . 
ali. digestion product of tbe v^ral genome 0 b^a as^^ 
Obtained by conventional means and clone -n 
20 sites of Plasmid pGH6 (O.V. .^^Twitb Xb.I. 

to fonn tbe plas-id pHS32. ^^cipitated. It 

rr:n '^x:^uIl. Unt 

was then-.treated with 1 ul E. con p potassium 

'----:rrr: -i ^rritp— con:ainin, 

25 phosphate pH 7.4, 7trM MgClg. ^ » 37 c. 

"-TesTofTb. ides clplementary to tbe . 

■ This treatment causes Z of tne h nuu 

J f *hP Xbal cl-avage site to be filled in. 
protruding end of the Xbai cuavayc 

5. CTAGA 

5. aAGA 

30 . 3* . 

.r pnd dT werp incorporated giving an end with two 
Two nucleotides. dC and dT. we P ^^^^^ 

S' protruding nucleotides. This H ear res ^^^^^^ 
Ufter Phenol and chlorofon. e.tractio ^^^^^ . 

ethanol precipitation) was cleaved with EcoRI. 
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TroRT-Xbal fragment by 
p^GE .nd Isol.Ud after electroelut o.. Th ° 9 

■ is ligated to the Xbal remaining protruding end even 
completely Watson-Crick base-paired: 



T 

AGC 




. ^ Po-on 0. tbis ligation reaction ^2^:^;^ Tu ' • 

plates containing ampicillm. iwenxy 
.own in 3 .1 LB .edia, and plas^id .sol ed ; ^ 
found to have the Xbal site regenerated via £. coli y 
15 repair and replication:" 

TCTAGA 

TCTAGA 

— ^ AGATCT 

A6CTCT 

„„. „.,„. ... .... »;~;rr:.s; s " 

as next discussed. 

231, 5«, 1979) contains . jene '-^ " ^ 163 

ira.1.» acid codons produced fro. ^ ' ™; 

, a™,no add codoo. o«a.ed^r^ co. e a^. 0-;^^^^^ ^^^^ 
reverse transcription of human jrowtn _ 

5ro.th hormone, does contain an n 

The ,ene «as Isolated rom 1. ° / as 

30 fono.ed b, E. con polymerase 1 ^1'™" ^ „^„,t,„„ ,„d 

described above. Follo-in, p.enol ' ™ ^ee ri9-e 

ethanol precipitation the plas..d .as treated 
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fragment aUo conta.as the f r t 350 

„sistanc. structural ,ene « " ; „o„., ,„to an 

5 promoter-operator systen so that, when 5 , ^^^^^^ 
expression pUsm.d. pUs»ids cont.,n,n9 ,nsert c 

- -^-rr. ::renn;:: ;r:rtre^.r;-- « . 

the fragment 21 has been nuc ensuring 

- :r::s"t:re:a.on pus... 

10 proper orientation when later mserxe 



See Figure 5. 



,.p.ss.n prrpu 

„,„ ,ene-c.nta,n,o, -J^- ; ,„ .'uh the .Uno, 

digested and the resultina st cky e 
15 polyn^rase I procedure employ "9 dATP dTT 

"^r;Tt:rar:uh ana - reLn., Ur,e 
.suiting OKA U - ; ,,ectroelution. The 

pUsmid fragment V " / p„e sticky end. 

pTrplA-derived fragment 17 had one ° „5„ ^ 

20 permitting recomhination in proper .r,etat,„n 
containing fra^ent 21 previously descnhed. 

.a » gene fragment n and -^f'Z::::::^:::^::^' 
- com-ed ana ^^-^ -Xrrd ^^^^ — 

, rrt^r^at:: - - - - - 



Xbal filled in EcoRI filled in 



H6H gene initiation 
^GATC TTAAGATAC- ^^^^ ^Rl 
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, „ .uo rer-ates the tetracycline resistance gene. 
This construction also rer. .ace „„j resistance from a 

S,„ce the pUs.id pHGH 107 express ' f ,,,, 
propter lyin, opstrea. r». ^ ' ;,.,,„,o„ of tHe ,ene 
• construction 22. designated pHGH 207, pe tryptophan 

^ - --'^"r ~ ^ransLed into . 

■ :r2rardTo::iers:i:rte: i . .n... contai^ng . ... 

tetracycline. 

H^rprt excression of human growth 
,„ „Her to ; p„uin derived fr» 

10 honnone from plasmid p«GH 207, ^ ,3 

E.coli 29,/pHGH 207 that had , ^ 

„„a containing 10 .g/.l " / subjected to SOS ,el 

electrophoresis as f '^^, g™«th hor^ne as 

15 similar electrophoresis data ^, jj^, JBI, 544 

previously expressed by others f ,el 

,1979)). Figure 7 is a photograph f ""^^ ^^^^ 

.herein: Lanes 1 and 7 contain P™"' ° , p„„,„ 

.i.es; lane Z is a control that -P'" „ coli 
coli strain 294 pSR322; Une [^^X^^,,,,,^ ,™ E. 

107 grown in tB -^-^ ^ ' egregates protein from 

Coli 294/pHGH 107 grown m H9 . ^ ' ' „ protein 

e..C.li 294,pKGH 207 grown in US .ed,a; n 6 «g ^g ^^^^ ^ 

,r. E.. coli 294,p„GH - ,,,,, ,„ 

25 human growth hormone, a shown y p ^^^^^^^^ 

Lanes 2-4. Is predicted by the inve ^^^^ 

207 When grown '"^ rrpLsl^operator 
^uman growth hormone by """ "^'^ considerably more 

interactions, and when grown in Hg media P ^^^^^^^^ 

30 „GH than . Coli ^.^'^^ ir remoter-operator 

tryptophan promoter-operator system vs _ 

system In pHGH 107. 

,„. creation of a general expression plasmid 
expression of heterologous genes under control of the ,ryp 
35 promoter-operator. 
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• nrprpdina section was next 
The Plasmid pHGH 207 created m the preceding se 
ine piai'»iu K the control elements of the 

used to obtain a DNA fragment containing the cont 

oeneral expression pl>sn,1d involved remov.l of 
on f™ PH3H 207 by EcoRI d„estio„ and 

^„ ::::: o, 

..e ..sence o, a suitable p^oter-operator s,s«^. - 

rj:r.:;:;a. p.».o..ope.a..^ 

« - ...pna„ a«e.a«. and oo«t i„s ^^^^J^^ 
^™ the tryptophan P;^;- = ^ded I UoR, sites. s„c. tHat 

,„„.,on in other '=::::r;::::V, T -rted. either 

: t r : t. tr,ptop.a„ contra region, in =»-r case so a^ 
:„!e .n-er the control of the tryptophan pro^ter-operator syste.. 

PUs.id'pHGH 207 was EcoRI digested and the trp promoter 
■ ' , ' „ recovered by PASE followed by 

25 containins EcoRl fragment M recovered j 

electroelution. 

PBRHi was .COR, « 

.ith bacterial al.aline phosp a as ( AM 9 
3„d 10 * MgCl, for 3 at ' 

:esTe:rbn:e :r:rc;ior:h. -traction .d etnanol 

;::rtation! res„ui. -;-/;,r;i; tiriccept 
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ThP EcoRl fragment derived from 
pUsmids containing the inserts. the 
pHGH 207 and the linear ONA obtained from pBRHl wer co 

> T i^oa^P as oreviously described and ligated. a 
presence of T. ligase as prev.uu j 

• Lcycll.. and 12 tetracycline resistant colon.es selected, 
tetracycline an ^^^^ p^^^^„,, 

plasBid «as isolated from each colony a employing EcoBI 

a ONA insert by restriction endonuclease analysis employ g 
.aid ..a" one plas.id containing the insert .as designated pHKH. 

,0 „ creation of a pl.smtd containing the tryptophan operon capable 
10 IV. Creat on o J ^leavable fusion protein comprising 6 

°'-7::;rof t rt r peptide and the last third of the trp E 

U»t;- and a heterologous structural ,ene 

product. 

nf » LF' fusion protein expression 
15 The strategy for the creation of a LE tusio p 

pVasmid entailed the following steps: 

■ Provision of a gene fragment "^P-^-^codons for the 
distal region of the LE' polypeptide" having Bgl II and Eco 
siic^y ends respectively at the 5' and at the 3^ ends of the 
coding strand; 



20 



25 



30 



b. Elimination of the codons fro. the distal region o he E 

ne fragment and those for the trp D gene from P^-™^ . °" 
Tnd insertion of the fragment formed in step U reconstituting 
the LE- codon sequence immediately upstream from 
that for the heterologous gene for somatostatin. 

V -4m,ro qfal Dlasmid pSom7 a2 was Hind III 
1 With reference to ngure P"»^" f , c. 

;,:;ed fc,lo-ed by digestion with la-,da exonucle.se at 
j.exonuclease) under conditions chosen so as "^'5" 
„ restriction sit. within the Lf encoding region. 2 .9 of « - 
, d gested pSom 7 a2 -as dissolved in buffer [20m« g ycine bu er. 
9 U » CI3. 1- .-mercaptoethanol]. The resulting mixture 
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10 



15 



extracted, chlorofom extracted and ethanol pre.^P 

. « crnRT rpsidue at the distal end 

of the U' ge^e fragment . Prl««r P ^^^^ 

the improved phosphotriester - f";. ^^eTinsle str.„de4 

.cad Sci .S. Z5. 5765 [197S], -^f; ^^Vll e on.Oea.e 
e„d of the IV sene fragment result.n fr» » 
digestion. The hybridization .as performed as next 

.0. of the iamhda .o.c,ease-tre.ed Hi. U. dige^^^^^ 
,,^„ot Of 

•with 6«1 of a solution containing app jy^ithetlc 
,,hosphor„ated oHgon.leotide -^^^^^^ -^^.^^ /,,„,„c, 
fragment was hybridised to the end of ^.^^^^ ,^ 

the remainihg / rnhed aJe. osing d.TP. . 

by the Klenow polymerase i proceuu 

dTTP, dGTP and dCTP. 

• „.t,re .as heated to 50-C and - -i sio.,, » 

„.,.„fter M Of .Uno. -.^^ o^ls .c.ation at 
20 room temperature incubation. follo«eo y ^^^^ ^^^^ 

37'C, the reaction .as stopped ; 

eou. The reaction "'-^ ";-r° J ^ Is subseouentiy cUaved 
rr rltrn^r rgru. T. fragments .ere separated by 
« . ,utorad,ogram obtained fro. -jj;- ^^^.^ 

32,.,.be,ied - , out^ned. this 

r-;::r u^;rrj,r::d a b,unt end coinciding ..h the 

beginning of the primer. 
30 The Piasmid pTh.^ described in H^;';-; '^Z:^ 

-"-'^ Tc;r:ireTd'rrs^^n: s,te. .sno. 
:v;,r .r t:::s:n cootams > site as 
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■ PUsmid pThal also contains a gene specifying ampicillin resuUnce. 
In order to create a plastnid capable of accepting the LE'(d) fragment 
prepared above, pThal was EcoRI digested followed by Klenow 
polymerase I reaction with dTTP and dATP to blunt the EcoRI 

; residues. Bgl II digestion of the resulting product created a linear 
• ONA fragment 33 containing the gene for ampicillin resistance and. at 
its opposite ends, a sticky Bgl II residue and a blunt end. The 
resulting product could be recircularized by reaction with the LE'(d) 
fragment containing a Bgl II sticky end and a blunt end in th? 

10 presence of T. ligase to form the plasmid pTrp24 (Fig. 9b). In 

doing so. an EcoRI site is recreated at the position where blunt end 
. ligation occurred. 

With reference to Figure 10, successive digestion of pTrp24 with 
Bgl II and EcoRI. followed by PAGE and electroelution yields a 

15 fragment having codons for the LE'(d) polypeptide with a Bgl II 
sticky end and an EcoRI sticky end adjacent its 3'. coding tennmus. 
The LE'(d) fragment 38 can be cloned into the Bgl II site of plasmid 
pSora7 lZ to fonn an LE' polypeptide /somatostatin fusion protein 
expressed under the control of the tryptophan promoter-operator, as 

20 shown in Figure 10. To do so requires (1) partial EcoRI digestion' of 
pSom? A2 in order to cleave the EcoRI site distal to the tryptophan 
promoter-operator, as shown in Figure 10 and (2) proper choice of the 
primer sequence (Figure 9) in order to- properly maintain the codon 
reading frame, and to recreate an EcoRI cleavage site. 

25 Thus, 16 ug plasmid pSom7 a2 was diluted into 200 ul of buffer 

containing 20 mM Iris, pH 7.5. 5 mM MgCl2, 0-02 NP40 detergent, 
100 NaCl and treated with 0.5 units EcoRI. After 15 minutes at 
37'C. the reaction mixture was phenol extracted, chloroform extracted 
and ethanol precipitated and subsequently digested with Bgl II. The 
30 larger resulting fragment 36 isolated by the PAGE procedure followed 
by electroelution. This fragment contains the codons "L£'(p)" for 
the proximal end of the LE' polypeptide, ie, those upstream from the 
Bgl II site. The fragment 36 was next ligated to the fragment 38 in 
the presence of T^ ONA ligase to form the plasmid p5om7 a2a4, which 
• 35 upon transformation into E. coli strain 294. as previously described. 
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r:;rp n'^riperator. ...» pro-... .™™ «Hic. 
. ILltl ..y specifically Ceave. o.,n, to t e pre. 

• ,h thP 5' end Of the somatostatin sequence was segregatea 

6 of Figure U. discussed in greater detail- Part VI. infra, 

V creation of an expression syste. for trp IE' polypeptide fusions 
V. creation 0 / ^^ced under the control of the 

LO wherein tetracycline resistance is p. a 
tryptophan promoter-operator. 

The strategy for creation of an expression vehicle capable of 

receiv n/a .id variety of heterologous polypeptide genes for 
receiving ^^^^^ ^^^^^^^ the 

expression as trp LE ^"^J" ^ ^ having the 

15 tryptophan operon entailed construction or a ^ 

following characteristics: . • 
■ ' 1 T.tracyc1in. resistance wMch would be lost in the .vent 0, 
L pron^ter-operator system controllln, the ,enes specfyin, 
such resistance was excised. 

2 Removing the promoter-operator system that controls 
t;tr resistance, and recircul arizing by ligation to a 

• • H t ro ogous gene and a tryptophan pro^ter-operator system m 
Hin. ohase with reference thereto, thus restoring 
proper reading phase with r „.„„;ttina 



25 



proper recuiny h- — - ■ - ■ 

tetracycline resistance and accordingly permitting 
■ratification of Plas-ids containing the heterologous gene 



insert. 



30 capable of specifying tetracycline 
control of a promoter-operator system. 



# .29- ' ^0036776 



Thus, with refere,.. to f i9"r= 12. P'«-- "'"^^ 
a,g«t.d .nd the protn-din, Hihd III ends in turn digeste «>th S . 
■n-L«e The SI release digestion involved treatment of 10 «9 of 
:cie.ved ,mZ2 in 30 „ SI hoffer (0.3 « HaC. 1 - nCi,, 
; a * sod,^ acetate, pH 4.5) .ith 300 units SI nuclease fo 30 

l!t« at 15-C The reaction was stopped by the addUon of I .1 of 
; c - stop solution (0.8H tris h«e.^0 . «TA). The 

1 u was Phenol extracted, chlorofo™ extracted 

"pitated! then EcoRI digested as previous!, descried and the 
10 arge fragment « obtained hy mz procedure fo owe 

electroelution. The fragn^nt obtained has a f. St E " 
■ „d , second, blunt end whose doding 

nucleotide th^idine. As will be ' f " ^ f„„ 

„,„d in residue beginning with thymidine can be ^° ° = ' 
,5 pol^rase I-tre.ted Bgl residue so as to reconstUute the Bgl U 
restriction site upon ligation. 

• PUs.id pSom7 a2. as prepared in Part I above, was Bgl II 
IT A .h. Bal II sticky ends resulting made double stranded 
digested and the Bgl II sticKy deoxynucleotide 
with the Klenow polymerase I procedure .^^^'^j/^^^^ 

. u ^,.o. FroRl cleavage of the resulting product foliowea oy 
20 triphosphates. EcoRlcieavag 40 yielded a linear 

PAGE and electroelution of the small fragment 42 yiemea 

•1 of m^ containing the tryptophan promoter-opera or and codons 
of the LE' "proximal" sequence upstream from the Bgl II 

"L ■ P "). The product had an EcoRI end and a blunt end resulting 

* Afi Thu^ the two fragments were ligated in 
,..nt end 0 ^^^^^^^^ ^ the recircularized plasmid 
r roTs" gute "^rch was propagated by transforation into 
pHKY 10 IS e g Tetracycline resistant cells 

30 competent E. coll strain 94 el _ ^^^^ 
bearina the recombinant plasmid phKY 10 were gro w 

racled and digested in turn with Bgl U and Ps. ollo^ 
,solation by the PAGE procedure and electroelution of the Urge 
r. It, a linear piece of m having Pst and B,l .. stlc y ends. 
35 This OSA frag.ent « contains the origin of replication and 
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su.se,ue«„ proved useful ,s a first component in the cops ruct,o« 
sLs wLre .ot. t.e ,ep=s codin, for trp '^^ 
us on proteins .nd the tet resistance ,ene .re controlled W the t.p 



promoter/operator. 



PUs»<d PSO.7 »2a4, as previously prepared in Part IV could be 

..puiated to provide a 

'T"' r'jr tre p fs^^d Ls subjected to partial .co«. 

rser.:" fo,W . .t di,est,on fra^ent . 

15 operator. AmpicilUn resistance lost by the Pst I 
/ene could be restored upon ligation «ith fragment SI- 

. ,„ a first demonstration the third component, a f ^^'"^^'^''^ 

■„ ^ht.ined bv EcoRI and SamHI digestion of 
for thymosin alpha-one was " ^/ ' ^ 
plasnid pTh.l. The fragment. 52, was punfieo 
20 electroelution. - . 

AO «;i and 52 could now be li gated 

p-a.. Which could .^^^^^^^^^^^ pias.d, 

„.t„ration of a^icil in a r y ^^^^^ 
25 When transformed into E. col trai 2 4 

::"j:::nTro=^^ — ^^^^^^ r Lor 
---"^ ^^=Ta.rn:Tc:ra:r::-^ -mrie 

heterologous " f,^ , pS0«7 a2a4-derived 

'^""^":;'rr: u p 1 p - ?u:;:::roteins cont.inin, the 

comoonents, trp Ll \>^\yv^y likewise 
" - 'Z:^:^^^ rpracrylamide 
::?:r;rt::pC::rs ^ep^rat^of .ta, cenuur protem fro. . co. 
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strain 294 transformants, the darkest band in each case representing 
the fusion protein product produced under control of the tryptophan 
promoter-operator system. In Figure U, Lane 1 is a control whKh 
segregates total cenuTar protein fro. E. coli 294/pBR322. Lane 2 
5 contains the somatostatin fusion product from plasmid pSom7 lZlA 
■ prepared in Part IV. Lane 3 is the somatostatin-conta.mng 

expression product of fiSom7 .1.4. Lane 4 contains the expression 
product of pTha7.U4. whereas Lane 5 contains the product expressed 
from a plasmid obtained when the pHKY-lO-derived and pSom7 
10 ,2M-derived fragments discussed, above were ligated with an 

EcoRI/Ba.HI te^inated structural gene encoding human promsulm and 
prepared in part by certain of us.. Lanes 6 and 7 respectively 
contain, as the darkest band, a trp LE' polypeptide fusion protein 
from which can be cleaved the B and A chain of human ^n-^^- J^^ 
15 insulin B and A structural genes were obtained by ccoRI and BamHI 
digestion Of plasmids pIBI and pIAll respectively, whose construction 
is disclosed in D.V. Goeddel et al-. Procla. fl Acad Sci USA 76. 105 
[1979]. Lane 8 contains size markers, as before. 



* * * 



While the invention in its most preferred embodiment 1S 
20 described with reference to E. coli' other enterobacteriaceae could 
likewise serve as host cells for expression and as sources for trp 
operons, among which may be mentioned as examples Salmone]l3 
tvohimurium and Se^ratia ™a^. Thus, the invention u not to be 
limited to the preferred embodiments described, but only by the 
25 lawful scope of the appended claims. 
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CLAIMS ; 

1. A -etboa of creating .an e.p.e.slon P^-"" 
expression of a heterologous gen. which comprises th. 

simultaneous ligation, in phase, of: 

U, a first linear double-stranded D«A fragment 

ontaining a replicon and a ."e which expresses a 
-selectable characteristic when placed under the 
•TiLtlon of a bacterial promoter, said fragment, 
lacking any such promoter; 
a second linear double-stranded DSA fragment 

come under the direction of the ^^,°^'''"-'^'J,\,,„,to..^, 
of the selectable characteristic xn "l^' ""J^^ ,,„e. 
bacteria colonies capable of expressing the heterolog 

2 The method of claim 1 wherein the selectable 
characteristic is antibiotic resistance. 

3 The method of claim 2 wherein the selectable 
:;aract:ristic is tetracvcline resistance a„d wherein the 
bacterial promoter is the trp promoter. 

The method of claim 3 wherein 
Iperon for the expression of ampicilUn resistance as 

5. . method of cleaving double stranded at any given 

point which comprises: single- 
converting the double stranded dna to smgxe 
stranded DNA in a region surrounding said po.nt; 
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..brialzing to the singU-strandea region for^ea xn 

(.) a co.ple»entars primer langtb cf su.gle- 
strLaea™., theS. ena of prl»er lyxn, ^ 
opposite the nuoleotiae aajoining the intenaea 

cleavage site! .v„„a 
restoring that portion ot the se=o„a strana 

alstlng the regaining single-stxanaea length o. 
digesting intended cleavage 

DNA which prottudes beyond the xntenae 

point. 

e. .he .ethoa of clai. 5 ^--^^^f,,'^ '^^^le'^i^ 

folV»erizes in the axrectia, of 3 - o£ 5' ■> 3' ■ 

direction of 3' * 5' , t«t non-excnuol^lytxc in the 

«e .ethoa Of clai. 6 wherein the poly.era.se is KUnow 
Polymerase I- 

•^r, vphicle for the production in 
e. . plas^iaic ^polypeptiae proanct. saia 

E. ooU bacteria of a heter ' comprising, 
vehicle having a sequence of '^-^^ =^ .^aing 
in phase fro- a first 5' to a secona 3 ena 
strana thereof, the elements: _ „, 

a bacterial trP " "f^",,^ J„,,„, ,,,, ,cr 

(ii) nucleotides coding for a no 

translation of element = ^^^^^ ^.^^^^ 

r":::rsratro r: ■■ -a 

rit::::":! gene encoding the amino acid sequence 
Of a heterologous polypeptide; 
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;4-K^r anv trp attenuation 
s.ia sequence ocptUxn, neither any t P 

capability nor nucleotides coding £oi the trp 
binding site. 

..e .ethod o. ^--f'::^^^:^ 

•expression in bacteria of a structural 

which comprises: • i^ooulant transformed with a 

b e pWdic ..pression vehicle havi., a 
Lc. o. double-stranded - -f--; ^ 

^ » -Fi'r«^t 5' to a second 3 ena 
phase from a txzsz o 

--rt:::;:r;r:^:r^^^^^^ 

^ j-^o for a ribosome binding 

• (ii) nucleotides coding for a rioo 

site for transition of element (iv) ; 
r.ii^ nucleotides coding for a translation start 
^"^^ si nal for translation of element (iv); and 
a structural . gene encoding the amino c.d 
' sequence -of a heterologous polypeptide; 

. •4-v^or anv trp attenuation 

seid sequence -^f-'^-^ / trp B . 

capability nor nucleotides coding 

ribosome binding site; , ^ ,„ « "fermentation 

, • « ♦•h^ transformed inoculant m a terroent 
: a:r.:o::; the sa„e to a predetermined level 

suitable nutrient media -'""-^^ ' 
tryptophan sufficient in quantity to repr 
p.omoter-operator system, and ^^^^^^^^ 
aepriving said bacte„a o ^ ^^^^^^^^^^ 

T;^j:foXZ said structural gene codes. 

^.ur^A of claim 9 wherein the 

- °' ir=:: ine is entirely 

polypeptide expressed by said scruc 

heterologous. 



(b) 



(c) 



• .35- 0036776 



n The vehioU of claim B cr the .ethod oJ daln, 9 wherein , 
th^ polypeptide eKpressea Is a fusion protein comprisin, a 
the poi-ypep " . J portion o£ the aitino 

heterologous polypeptide and at least a po 
acid sequence of a homologous polypeptide. 

12 The vehicle or method of claim 11 wherein said 

: ~rtlon of the amino acid sequence of an enzyme invclved in 
thrbiosynthetic pathway f re chorismic acid to tryptophan. 

13 The vehicle or method of claim 12 wherein the 1>»""1'=«^= 
13. ine veiiiv-xc fused homologous 
nolYpeptide is a bioactive polypeptide and the tuse 
poiypepi:! ^.f.^^iiv cleavable bioinactivating 
polypeptide is a specif xcally cieav^uxe 

polypeptide . 

J ^laim 11 wherein the homologous 
lA The vehicle or method of claim ix wneiex 

Jptide is the trp K polypeptide and wherein said r. osome 
finding site is the ribosome binding site for the trp leader 
polypeptide. 

^ p ^T=,ini 11 wherein the homologous 
15. The vehicle or method of claim 11 wnerei 

polypeptide is the trp D polypeptide. 

16 The vehicle or method of claim 14 wherein the fusion 
p;tei comprises an heterologous polypeptide and a homologous 
polypeptide which itself constitutes a fusion o. abou the 
first amino acids of the trp leader P^^^ j/^^^^ 
amino acid sequence encoded by at least about the distal 
third of the trp E polypeptide gene. 

17 The vehicle or claim 8 or method of claim 9 wherein the 
heierologous polypeptide comprises a recoverable polypeptide 

elected^rom'the group consisting of human l^^^^ ^^^^'^^^ 
human proinsulin, somatostatin, thymosin alpha 1, the 
of human insulin and the B chain of human insulin. 
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, . .1 ^h»rcln tryptophan deprivation is 

18. The -ethoa of =la- « "^""^ ' and by 
effected by cessation of .adit.on of sard ^^^^^ 
dilution of th. fermentation media in whrch 

first grown up. 

. * 18 wherein the host bacteria is 

19. The method of claim 18 wnerex 

E. coli. 

L. The pXasmids pBKHtrp. pS0M7.a. pHKVl. pSOM,..M 

pThyo7alA4, and pTho7A2. 
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